The potential of eight common green leafy vegetables (GLV) in the raw and cooked forms as natural source of phytochemicals was assessed. The vegetables studied were the common ones found in southeast Nigeria and they included Ugu, Nchanwu, Okazi, Utazi, Oha, Nturukpa, Ahihara, and Onugbo. The vegetables were assessed for the following phytochemicals: alkaloid, steroid, tannin, anthocyanin, carotenoids and flavonoid. The phytochemical content of the vegetables varied significantly (p=0.05) among the GLV. Onugbo had the highest steroid content of 0.27g/100g while nchanwu had the lowest (0.07g/100g). Oha followed by ahihara was the most enriched with respect to the tested phytochemicals. Differences in phytochemical content between raw and cooked GLV were not significant (p=0.05), with the exception of flavonoid and alkaloids. Generally the GLV showed a low content of anthocyanin and carotenoids while alkaloid was most abundant in them. Alkaloid content of the GLV in raw and cooked forms were 1.28 -2.96g/100g and 0.30 -0.84g/100g respectively. The assessed GLV offer a cheap but rich source of a number of phytochemicals having health protective properties. The production and consumption of a mixture of GLV is recommended.
INTRODUCTION

P
hytochemical simply means plant chemicals. They are naturally occurring components in fruits, vegetables, legumes and grains. They give plants its colour, flavour, smell and are part of a plant's natural defense system (disease resistance). According to Liu (2004) , phytochemicals are bioactive, non-nutrient plant compounds in fruits, vegetables, grains and other plant foods that have been linked to reducing the risk of major degenerative diseases. In his report, Anderson, (2004) defined phytochemicals as plant-derived chemicals, which are beneficial to human health and disease prevention. In plants phytochemicals attract beneficial and repel harmful organisms, serve as photoprotectants, and respond to environmental changes. For instance, isoflavones, anthocyanin and flavonoids do function as phytoalexins, substances that assist a plant to resist pathogens (Agte et al, 2000) . Carotenoids help in light collection under conditions of low light or help to dissipate excess absorbed energy as heat under conditions of high sun exposure.
Plants have basic nutritional importance by their content of protein, carbohydrate, fats and oils minerals, vitamins and water responsible for growth and development in man and animals. Much more than these, researchers have come up with the fact that some plant chemicals which have been regarded as anti-nutritional or anti-
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nutrients have potentials in helping to reduce the risk of several deadly diseases in man (Williamson et al., 1997; Stahl et al., 1998; Agte et al., 2000; Chung et al., 1998) . Reports show that these phytochemicals reduce LDL i.e. the cholesterol involved in depositing fat in the arteries (Anderson, 2004) , prevent blood clotting which can reduce the risk for a heart attack or a stroke. Sulphur compounds, which are examples of phytochemicals, are known also to reduce the cholesterol production in the body and through that keep the blood pressure down (Anderson, 2004; Akpanyung, et al, 1995 . They do this either by working alone or in the combination of vitamins and other nutrients in foods (Liu, 2004) .
Reports show that the greatest sources of these phytochemicals are fruits and vegetables (Willet, 2002; Liu, 2004, Altar and Adeogun, 1995) . Hence we need to discover the potentials of our local vegetables in possessing these phytonutrients. This will help to provide vital data for food processors and nutrition workers as well as the consumers for selection of these GLV. There are over 3000 discovered phytochemicals in plants (Oliveri, 2003) . However the levels of these plant chemicals may vary depending on specie and varieties of GLV. Furthermore these chemicals may be affected by food processing, limiting the use of raw values for estimating the phytochemical profile. Thus, the objective of this research is to determine the content of phytochemicals in the selected GLV commonly consumed in SouthEast Nigeria and to assess the effect of cooking on t hese phytochemicals.
MATERIALS AND METHODS
Collection of materials
The tested vegetables were procured from a local market and identified at National Root Crops Research Institute, Umuahia Nigeria. The GLV used in this study with their botanical names are shown in Table 1 .
Sample preparation
Each GLV was spread out on a laboratory bench and inspected for the presence of variegated, dried and extraneous materials such as dirt and insect larva. After removing the unwanted ones the samples were divided into two parts. One part was used raw and the other part cooked. For the raw samples the leaves were manually plucked from stems and sliced, which were later, comminuted to a uniform pulp in a laboratory mortar. The second part of each sample was Phytochemical profile of some green leafy vegetables in South-East Nigeria:...................Onyeka and Nwambekwe 
Quantitative analysis of phytochemicals Determination of Alkaloids
This was done by the alkaline precipitation gravimetric method described by Harborne, (1973) . A measured weight of the sample was dispersed in 10% acetic acid solution in ethanol to form a ratio of 1:10 (10%). The mixture was allowed to stand for 4h at 28 o C. It was later filtered via what man No 42 grade of filter paper. The filtrate was concentrated to one quarter of its original volume by evaporation and treated with drop wise addition of conc. aqueous NH 4 OH until the alkaloid was precipitated. The alkaloid precipitated was received in a weighed filter paper, washed with 1% ammonia solution dried in the oven at 80 0 C. Alkaloid content was calculated and expressed as a percentage of the weight of sample analyzed.
Determination of Flavonoids
This was determined according to the method of Harborne (1973) . 5gram of the sample was boiled in 50ml of 2M HCl solution for 30min under reflux. It was allowed to cool and then filtered through whatman No 42 filter paper. A measured volume of the extract was treated with equal volume of ethyl acetate starting with drop. South-East Nigeria:...................Onyeka and Nwambekwe Methods as described by Harborne (1973) The flavonoid precipitated was recovered by filtration using weighed filter paper. The resulting weight difference gave the weight of flavonoid in the sample.
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Determination of Tannin
Tannin content was determined by the FolisDenis colorimetric method described by Kirk and Sawyer (1998) . 5g sample was dispersed in 50mls of distilled water and shaken. The mixture was allowed to stand for 30min at 28 o C before it was filtered through what man No. 42 grade of filter paper. 2mls of the extract was dispersed into a 50ml volumetric flask. Similarly 2ml standard tannin solution (tannic acid) and 2ml of distilled water were put in separate volumetric flasks to serve as standard and reagent was added to each of the flask and the 2.5ml of saturated Na 2 C0 3 solution added. The content of each flask was made up to 50mls with distilled water and allowed to incubate at 28 o C for 90 min. Their respective absorbance was measured in a spectrophotometer at 260nm using the reagent blank to calibrate the instrument at zero.
Determination of Carotenoids
A measured weight of each sample was homogenized in methanol using a laboratory blender. A 1:10 (1%) mixture was used. The homogenate was filtered to obtain the initial crude extract. 20ml of ether were added to the filtrate to take up the carotenoid mixed well and then treated with 20ml of distilled water in a separating funnel. The other layer was recovered and evaporated to dryness at low temperature (35-50 0 C) in a vacuum dessicator. The dry extract was then saponified with 20ml of ethanoic potassium hydroxide and left over night in a dark cupboard. The next day, the carotenoid were taken up in 20ml of ether and then washed with two portions of 20ml -distilled water. The carotenoid extract (ether layer) was dried in a dessicator and then treated with a light petroleum (petroleum spurt) and allowed to stand overnight in a freezer (-10 0 C). The next day, the precipitated steroid was removed by centrifugation and the carotenoid extract was evaporated to dryness in a weighed evaporation dish, cooled in a dessicator and weighed. The weight of carotenoid was determined and expressed as a percentage of the sample weight.
Determination of Steroids
This was determined by the method described by Okeke and Elekwa (2003) . A measured weight of each sample was dispersed in 100ml freshly distilled wat er and homogenized in a laboratory blender. The homogenate were filtered and the filtrate was eluted with normal ammonium hydroxide solution (pH 9). 2ml of the eluate were put in test tube and mixed with 2ml of chloroform. 3ml of ice-cold acetic anhydride were added to the mixture in the flask and 2 drops of conc. H 2 SO 4 were cautiously added to cool. Standard sterol solution was prepared and treated as described above. The absorbance of standard and prepared sample were measured in a spectrophotometer at 420 nm.
Determination of Anthocyanins
This was done gravimetrically by the method of Harborne (1973) . 5g of each test sample was hydrolyzed by boiling in 100ml or 2Mhcl solution for 30 min. The hydrolysate was filtered using whatman No 42 filter paper. The filtrate was transferred into a separation funnel and equal volume of ethyl acetate was added to it, mixed well and allowed to separate into two layers. The ethyl acetate layer (extract) was recorded while the aqueous layer was discarded. The extract was separated to dryness in the crucible over a steam bath. The dried extract was then treated with concentrated amyl alcohol to extract the anthocyanins. After filteration, the alcohol extract and the filterate was transferred to a weighed evaporating dish and evaporated to dryness. It was then dried in the oven at 30 0 C Phytochemical profile of some green leafy vegetables in South-East Nigeria:...................Onyeka and Nwambekwe for 30min and cooled in a desiccator. The weight of anthocynanin was determined and expressed as percentage of the original sample.
Statistical Analysis
The results obtained were computed into means and ANOVA was used to separate the means according to the method of Ihekoronye and Ngoddy, (1985) . The least significant difference (LSD) was used to determine level of differences among the varying samples.
RESULTS AND DISCUSSION
Generally t here was low content of anthocyanin in the green leafy vegetables (Fig  1) . Oha leaf, which had the highest anthocyanin content, had a value of 0.1/100g. Ugu and olugbo had the lowest anthocyanin content of 0.02g/100g each. Low content of anthocyanin among the vegetables was expected since anthocyanin is associated with non-green coloured fruits and vegetables (Alais and Linden, 1987; Dewanto et al, 2002) . Boiling reduced the anthocyanin content of most of the GLV though the reduction was not significant (Table 3 ) at p=0.05. The reduction in anthocyanin content following heat treatment could be because of release of glucosides that might have converted the natural conjugated bond form of anthocyanin to their corresponding aglycones (Alais and Linden, 1987) . Onugbo had the highest steroid content of 0.27g/100g while nchanwu had the lowest (0.07g/100g) as shown in Fig 2. There was no significant difference between the steroid content of okazi, oha and nturukpa while the rest vegetables were significantly different from each other. Heating did not reduce the steroid content of the vegetables (Table 3) , though some of the vegetables such as utazi and ahihara had a reduction in their steroid content after they were boiled. The resistance of steroid to the effect of heat is in line with the earlier report of Anderson (2002) that phytochemicals are not affected by processing including cooking. Agte, et al, 1999 reported that most of the phytochemicals which act as antioxidants are often affected by cooking. This agrees with what has been obtained in this work.
Oha had 0.28% content of flavonoid reflecting the highest when compared to the other raw GLV samples while ugu and olugbo had the lowest (Fig 3) . Unlike steroid, flavonoid content of the GLV was significantly (p=0.05) reduced by the heat of cooking. It could be that boiling affected significantly the other components of flavonoid apart from anthocyanin. [Anthocyanin is a component of flavonoids]. Reasonable content of tannins was also found to be present in the fresh green vegetables with the values ranging from 0.13g/100g to 0.28g/100g (Fig 4) Tannin was presenting most of Olugbo leaf having a value of 0.22g/100g, while nchanwu had the lowest tannin content of 0.08g/100g. It has been said that the bitter pigment of onugbo leaf is contributed by its high content of tannin and resin (Okafor, 1983) . This also certifies it's natural bitter taste in that tannin is a very bitter astringent compound found in plants. Tannin content of the vegetables was not affected by heating ( Table 3 ) confirming report that phytochemicals including tannin, having antioxidant activities are not affected by cooking. There was no significant difference at p=0.05 among the vegetables implying that the vegetable have similar range of tannin content.
Ahihara had the highest alkaloid content of 1.8g/100g in the raw state while ugu had the lowest (0.81g/100g). Olugbo had the highest alkaloid content of 0.84g/100g in the boiled state. There was significant (p=0.05) difference in the alkaloid content of raw and boiled vegetables (Fig  5) . Fresh vegetables were found to consistently have a higher content of alkaloid compared with boiled vegetables. The values reduced to the range of 0.30g/100g to 0.84g/100g as against 1.28g/100g to 2.96g/100g originally obtained from the vegetables in their fresh state. Ahihara which had the highest value in the fresh state lost so much of its alkaloid upon boiling. Oha leaf was found to contain the highest carotenoid content of 0.07g/100g among the other vegetables (Fig. 6) . The high level of carotenoid in oha could be because of its red/purple coloured leaf stock. Good enough oha is usually consumed with the leaf stock. The lowest content of carotenoid was found in ugu and okazi. They had 0.02g/100g of carotenoid in both raw and cooked forms. Generally, cooking did not significantly (p=0.05) affect the carotenoid content of the vegetables. This indicates that carotenoid (coloured pigment) remained stable during cooking, though there was slight reduction in carotenoid content of oha and nturukpa following boiling.
CONCLUSION
The selected commonly consumed green leafy vegetables in southeast Nigeria contain substantial amount of phytochemicals, which are helpful in the prevention of some deadly diseases. Though these phytochemicals do not have a standard yet for a particular food as reported by (Liu, 2004) . The phytochemicals were not affected by cooking except for flavonoids and alkaloids. This implies that the fear of losing these plant chemicals as a result of cooking need not arise. Vitamins and minerals can be lost (leached out) during cooking but not the phytochemicals. This is good news. This work also showed that the vegetables varied in their content of the phytochemicals except with respect to alkaloid and tannin where they had similar content statistically (p=0.05). Ugu one of the most cherished vegetables in southeast Nigeria is not very rich in most of these phytochemicals. Oha, ahihara and onugbo were rich in most the phytochemicals as was ascertained from this work. The GLV contained varying amount of Phytochemical profile of some green leafy vegetables in South-East Nigeria:...................Onyeka and Nwambekwe the phytochemicals hence intake of mixture of these vegetables is recommended. This will enable derivation of full dose of t he phytochemicals since no single plant is rich in all the plant chemicals.
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